-   Collaboration between hospital and primary care providers is imperative to ensure high-quality post-discharge care to the fragile elderly.

-   This randomized controlled trial compared municipality-based post-discharge follow-up visits with usual care among high-risk older people in a pragmatic study.

-   The intervention was only feasible in 55% of the planned visits and showed no effect on the primary outcome of readmission within 30 days or subsequent use of primary or secondary health care services.

-   Preventing early readmissions is important, and effective screening tools for appropriate targeted discharge follow-up need to be developed further.

Introduction {#S0002}
============

The need for complex interventions is expected to increase because of a growing older population, improving survival rate following acute health conditions, and improved treatment options leading to a growing population living with chronic disease \[[@C1],[@C2]\]. Older people admitted to hospital often have complex treatment, rehabilitation, and nursing needs \[[@C3]\]. Poor care coordination at the time of hospital discharge can jeopardize patient safety and result in substandard health care \[[@C4],[@C5]\], and patients and their caregivers are often ill prepared for the transition from hospital to home \[[@C6]\].

Collaboration between hospital and primary care providers is imperative to ensure high-quality post-discharge care, indicating a growing need for coordination between primary and secondary health care systems \[[@C7]\]. A high readmission rate is often seen as a proxy of lack of quality in the transition from the secondary to the primary sector. The hospital often loses contact with the patient at discharge, and the municipality is responsible for helping frail older people.

Several randomized intervention studies have investigated hospital discharge planning \[[@C8]\] or interventions by clinical pharmacists \[[@C15],[@C16]\] on hospital readmission, primary care, prescription errors, and quality of life among older people and people with chronic diseases. Community-based disease-management programmes significantly reduced readmission among patients with heart failure, coronary heart disease, and asthma, while interventions among unselected older patients with chronic diseases did not affect hospital readmission \[[@C17],[@C18]\]. Some studies suggest that systematic post-discharge support and effort may result in better coordination and coherence in treatment and may reduce unplanned readmission although the results are not consistent \[[@C7],[@C19]\].

We performed a randomized controlled trial among a high-risk population of older people discharged from a hospital department of internal medicine to evaluate whether a systematic municipality-based post-discharge follow-up intervention including the primary general practitioner and municipal nurse in a real-world setting could reduce readmission and the use of primary and secondary health care.

Material and methods {#S0003}
====================

Design {#S0004}
------

The study was a single-centre, 1:1 parallel-group individual patient randomized controlled trial stratified by gender and age (65--74 years and 75 + years) followed for 180 days. The trial was pragmatic and mirrored everyday clinical practice of the hospital personnel, general practitioners, or municipal nurses. The study was conducted and reported in accordance with the CONSORT guidelines \[[@C23]\].

Participants and recruitment {#S0005}
----------------------------

The study included patients aged 65 years or older discharged alive from the Department of Internal Medicine of Holbæk University Hospital, Denmark from 16 February 2012 to 14 September 2012 and living in one of the three surrounding municipalities, Holbæk, Odsherred, or Kalundborg, and who had dementia or two of the conditions presented in [Figure 1](#F1){ref-type="fig"}. The screening was based on medical assessment by physicians at the hospital department.

![Flow diagram. Note: \*Inclusion criteria were patients aged 65 years or older discharged alive from the Department of Internal Medicine of Holbæk University Hospital, Denmark and living in one of the three surrounding municipalities and who had dementia or two of the following conditions: two or more hospital admissions within the 12 months before the index admission, loss of physical functioning, treatment of two or more concurrent medical or surgical conditions, mental disorder, six or more prescription medications, symptoms of cognitive disturbance, substance abuse problem, disadvantaged social network, or need for increasing home care following the index admission.](ipri-33-65.01){#F1}

When a patient was randomized to the intervention group, contact was made with the municipality of residence, and the patient\'s general practitioner who received a standard discharge letter including information on planned post-discharge follow-up intervention. The municipal nurse coordinated the visits with the general practitioner.

All patients received the standard health care services, and the patients in the intervention group received the additional interventional health care service. All patients provided informed consent.

Baseline and follow-up measures {#S0006}
-------------------------------

Data on the length of index admission, gender, and age were registered at inclusion in the study \[[@C24]\].

Baseline information on marital status and citizenship on admission was obtained through the Civil Registration System \[[@C26]\]. The Charlson comorbidity score was calculated using information on primary and secondary diagnoses from all in- and outpatient contacts with Danish hospitals from 10 years before index admission and including the index admission \[[@C23]\]. Information on municipal services was obtained from municipal registration available on a monthly basis. We calculated the referred services (measured as minutes of referred care), divided into home care (practical help and personal care), nursing home (services at a care home) and nursing (services offered by a municipal nurse). This information was available only among trial participants and not for eligible non-participants.

Follow-up measures were in-hospital readmissions obtained from the Danish National Patient Register, which contains information on all contacts with Danish hospitals \[[@C24]\]. Information on contacts with the general practitioner and visits by the emergency service doctor were obtained from the Danish National Health Service Register \[[@C26]\]. Information on municipal services was obtained from the three surrounding municipalities. Information on mortality was obtained from the Civil Registration System \[[@C25]\]. No patients emigrated during follow-up.

The predefined primary outcome was unplanned readmission to any hospital in Denmark within 30 days after the discharge from the index admission.

The predefined secondary outcomes were readmission, number of readmissions, and length of stay both for all admissions combined, unplanned admissions, and admissions to departments of medicine. We performed all analysis within 30 and 180 days of follow-up after discharge.

Further, the mean number of consultations with general practitioners and visits by the emergency service doctor during follow-up were calculated. Finally, municipal services were calculated as the proportion of people who received the services and, among those who received the services, the mean number of monthly minutes of services the month after and one to six months after the index admission. As a descriptive measure, mortality was also evaluated as an outcome.

Randomization {#S0007}
-------------

The physicians at the Department of Internal Medicine screened the patients, nurses collected informed consent, and the patients were then randomized. The Data Management Department of the Central Denmark Region centrally administered a computer-generated randomization sequence by using Trial Partner. The medical secretary faxed the screening information to the municipal services independently of randomization group. For the intervention group, the municipality organized the intervention with the general practitioner.

The doctors screening for eligibility were blinded toward intervention groups. Further, the data analyst obtaining register-based outcome information was blinded towards the randomization groups in the analysis. No methods were changed after the trial began.

Interventions {#S0008}
-------------

High-risk people were referred to intervention through systematic electronic referral from the hospital to the municipality. The municipal services contacted the primary general practitioner and then the patient, to arrange the first home visit together with the municipal nurse within seven days of discharge in the patient\'s home. Only visits where both municipal nurse and general practitioner participated were included in the study. The visit was scheduled for one hour and focused on medication, rehabilitation plan and hospital appointments, functional level, and need for further health care initiatives. The visit concluded with assessment of the need for further visits (up to three visits) and division of responsibilities between the general practitioner and the municipal nurse. The second consultation was planned for the third week and the third consultation in the eighth week after discharge.

Patients in the control group were assigned to usual care including a discharge letter from the hospital to the general practitioner but not including coordinated home visits from the municipal nurse and the primary general practitioner. In Denmark\'s health care system, all residents can seek consultation with a general practitioner, and residents with physical disabilities can receive home care without any user charges. This means that participants from both groups could be in regular contact with a general practitioner and/or a municipal nurse during follow-up.

Statistical analysis {#S0009}
--------------------

The baseline characteristics of participants versus eligible non-participants were compared.

We performed all analysis based on the intention-to-treat principle. For the primary outcome analysis, patients were followed for hospital admission 30 days following the discharge from the index admission. As secondary outcomes, we followed the cohort for unplanned admissions, admissions to departments of medicine, and number of consultations with general practitioners for both 30 and 180 days. We also analysed mortality as a descriptive measure and to evaluate the influence of competing risk. We tested all differences using the chi-square test. For the primary outcome, we also estimated the Kaplan--Meier survival plots and tested differences using the log-rank test. We also evaluated the mean number of admissions and length of stay and tested differences using the t-test.

We compared the proportion receiving municipal services using the chi-square test and, among those who received services, we compared the mean minutes of services using the t-test. We performed these calculations only for patients who were alive during the whole follow-up period.

The epidemiologist responsible for all statistical analysis (LCT) was blinded towards the intervention status. We performed post-hoc unblinded per-protocol analysis, with per protocol defined as visits by the general practitioner at least once during the intervention period and the follow-up started at the time of the first visit or on day 14 after discharge for the control group.

We used two-sided p-values, and ≤ 0.05 was defined as statistically significant. We used SAS, version 9.3.

Sample size {#S0010}
-----------

Using electronic data delivered from the Ministry of Health, the 30-day readmission rate for the hospital was estimated to be 13%. We calculated that a sample size of 240 in each group would have 90% power and a significance level of 5% to detect a clinically relevant reduction of 20% in the readmission rate in the intervention group versus the control group as found in a previous Danish randomized controlled trial on follow-up intervention \[[@C21]\].

Results {#S0011}
=======

Of the 789 patients assessed for eligibility, 132 did not meet the inclusion criteria, 119 declined to participate (18%) and six died during index admission (see [Figure 1](#F1){ref-type="fig"}). Study participants were similar to eligible non-participants in admissions at 30 days, but non-participants had higher mortality (10.3% compared with 4.1% among participants -- not shown). Thus, 531 patients were randomized into intervention (n = 270) and control (n = 261). No patients were lost to follow-up.

The intervention and control groups were similar in baseline characteristics, although there were minor differences for marital status and for comorbidity ([Table I](#TB1){ref-type="table"}).

###### 

Baseline characteristics of the included patients.

  Baseline characteristics                                 Control (n = 261)   Intervention (n = 270)   Eligible non-participants (n = 117)
  -------------------------------------------------------- ------------------- ------------------------ -------------------------------------
  Median length of index admission (interquartile range)   6 (3--12)           5 (3--10)                5 (3--11)
  Female gender, n (%)                                     124 (47.5)          131 (48.5)               66 (56.9)
  Mean age, years (standard deviation)                     77.7 (7.2)          77.8 (7.9)               78.7 (8.6)
  Age, n (%)                                                                                            
   65--69 years                                            43 (16.5)           50 (18.5)                24 (20.7)
   70--77 years                                            82 (31.4)           77 (28.5)                34 (29.3)
   78--84 years                                            81 (31.0)           85 (31.5)                25 (21.6)
   85--89 years                                            46 (17.6)           35 (13.0)                17 (14.7)
   90--97 years                                            9 (3.5)             23 (8.5)                 16 (13.8)
  Marital status, n (%)                                                                                 
   Married                                                 120 (46.0)          109 (40.4)               54 (46.6)
   Divorced                                                27 (10.3)           42 (15.6)                14 (12.1)
   Unmarried                                               11 (4.2)            10 (3.7)                 7 (6.0)
   Widowed                                                 103 (39.5)          109 (40.4)               41 (35.3)
  Danish citizenship, n (%)                                260 (99.6)          268 (99.3)               115 (99.1)
  Charlson comorbidity score, n (%)                                                                     
   0                                                       31 (11.9)           28 (10.4)                21 (18.1)
   1                                                       58 (22.2)           68 (25.2)                30 (25.9)
   2                                                       61 (23.4)           60 (22.2)                27 (23.2)
   3                                                       34 (13.0)           44 (16.3)                9 (7.8)
   4--12                                                   77 (29.5)           70 (25.9)                29 (25.0)

The primary reasons for patients being selected for the trial were previous readmission, active medical or surgical treatment, or six or more prescription drugs; only 12% of the patients had dementia ([Table II](#TB2){ref-type="table"}). For patients without dementia, 57% had two other reasons and 43% had three or more reasons (not shown).

###### 

Reasons for selecting patients for the intervention and numbers and types of home visits and contacts during the intervention period (numbers \[percentages\] unless stated otherwise).

                                                                               Control      Intervention
  ---------------------------------------------------------------------------- ------------ --------------
  Reasons selected for intervention, n (%):                                                 
   Dementia or suspected dementia                                              30 (11.5)    34 (12.6)
   Admitted to hospital at least two times in the past 12 months               143 (54.8)   147 (54.4)
   Large loss in ability to carry out the activities of daily living           58 (22.2)    56 (20.7)
   Active medical or surgical treatment                                        206 (78.9)   211 (78.2)
   Active psychiatric treatment                                                11 (4.2)     18 (6.7)
   Six or more prescription drugs                                              167 (64.0)   161 (59.6)
   Suspected cognitive disturbance or problems                                 24 (9.2)     21 (7.8)
   Substance abuse that influences functional level                            1 (0.4)      5 (1.9)
   Disadvantaged social network                                                5 (1.9)      5 (1.9)
   Increased municipal services                                                15 (5.8)     13 (4.8)
  Number and types of home visits, n (%):                                                   
   First home visit carried out                                                NA           149 (55.2)
   Second home visit carried out                                               NA           49 (18.1)
   Third home visit carried out                                                NA           8 (3.0)
  Activities at the first home visit, n (%):\*                                              
   Follow-up on discharge summary                                              NA           121 (81.2)
   Drug evaluation                                                             NA           122 (81.9)
   Change in drug use                                                          NA           57 (38.3)
   Evaluate patient\'s resources and limitations                               NA           104 (69.8)
  Number of contacts, including contacts outside the intervention, n (mean):                
   By telephone                                                                281 (1.08)   383 (1.42)
   Consultation                                                                189 (0.72)   222 (0.82)
   Consultation by nurse                                                       145 (0.56)   176 (0.65)
   Consultation in patient\'s own home                                         50 (0.19)    119 (0.44)

Notes: NA = not available or not applicable. \*Percentage with the activity among patients receiving the first visits (n = 149).

In the intervention group, 149 (55%) of the patients received the first home visit, 49 (18%) the second visit, and eight (3%) the third visit (see [Table II](#TB2){ref-type="table"}). During the first visit follow-up on discharge summary and drug evaluation were carried through for the majority of visits and change in drug use was performed for 57 patients (38%) (see [Table II](#TB2){ref-type="table"}).

The intervention and control groups did not differ in the primary outcome, with 23% of control patients and 24% of intervention patients readmitted within 30 days of discharge (p = 0.93) ([Table III](#TB3){ref-type="table"}). The number of admissions and length of stay were also similar. The survival curve for time until first readmission also showed no difference between the two groups during the first 30 days ([Figure 2A](#F2){ref-type="fig"}) (log-rank test, p = 0.70).

![Time to (A) first readmission, (B) first unplanned readmission, and (C) first readmission to a department of medicine.](ipri-33-65.02){#F2}

###### 

Admissions, contacts with general practitioner, and deaths at 30 and 180 days and referred municipal services (home care, nursing home, and nursing) 1--6 months after the index admission.

                                                                       30 days     180 days                                     
  -------------------------------------------------------------------- ----------- ----------- ------ ------------ ------------ ------
  Admission, n (%)                                                     61 (23.4)   64 (23.7)   0.93   134 (51.3)   140 (51.9)   0.91
  Number of admissions, n (mean)                                       73 (0.3)    84 (0.3)    0.72   252 (1.0)    288 (1.1)    0.81
  Length of stay, n (mean)                                             465 (1.8)   355 (1.3)   0.90   1638 (6.3)   1846 (6.8)   0.63
  Unplanned admission, n (%)                                           56 (21.5)   56 (20.7)   0.84   122 (46.7)   127 (47.0)   0.95
  Number of unplanned admissions, n (mean)                             67 (0.3)    67 (0.3)    0.97   220 (0.8)    241 (0.9)    0.89
  Length of stay, n (mean)                                             454 (1.7)   310 (1.1)   0.79   1536 (5.9)   1697 (6.3)   0.75
  Admission to departments of internal medicine, n (%)                 60 (23.0)   57 (21.1)   0.60   128 (49.0)   127 (47.0)   0.64
  Number of admissions to departments of internal medicine, n (mean)   70 (0.3)    76 (0.3)    0.85   226 (0.9)    244 (0.9)    0.86
  Length of stay at departments of internal medicine, n (mean)         464 (1.8)   316 (1.2)   0.48   1586 (6.1)   1659 (6.1)   0.96
  Number of general practitioner consultations (n, mean)†              516 (2.0)   588 (2.2)   0.04   2405 (9.2)   2654 (9.8)   0.18
  Number of visits by emergency service doctor (n, mean)               64 (0.2)    72 (0.3)    0.51   185 (0.7)    259 (1.0)    0.19
  Death, n (%)                                                         9 (3.5)     13 (4.8)    0.45   39 (14.9)    35 (13.0)    0.58

                                 Patients receiving services, n (%)   Mean minutes per month among patients receiving services                            
  ------------------------------ ------------------------------------ ---------------------------------------------------------- ---------- ------ ------ ------
  The month after discharge:                                                                                                                              
   Home care                     114 (46)                             131 (52)                                                   0.24       1291   970    0.14
   Nursing home                  18 (7)                               21 (8)                                                     0.69       1875   1527   0.63
   Nursing                       85 (35)                              154 (61)                                                   \< 0.001   367    229    0.03
  1--6 months after discharge:                                                                                                                            
   Home care                     103 (47)                             130 (56)                                                   0.04       7082   5001   0.10
   Nursing home                  20 (9)                               23 (10)                                                    0.75       9953   8732   0.73
   Nursing                       85 (38)                              149 (64)                                                   \< 0.001   1811   1107   0.04

Notes: \*Chi-square test for difference in proportions between the intervention and control groups and t-test for mean differences between the intervention and control groups. †The number of consultations as part of the intervention is not included in this row.

The intervention and control groups did not differ in admissions after 180 days, unplanned admissions at 30 and 180 days, and admissions to departments of medicine at 30 and 180 days (see [Table III](#TB3){ref-type="table"}). [Figures 2B](#F2){ref-type="fig"} and [2C](#F2){ref-type="fig"} indicated a trend toward more rapid unplanned admissions and admissions to departments of medicine in the control group compared with the intervention group in the first 90 days, although these differences were not statistically significant.

The intervention group received more general practitioner consultations (p = 0.04), but there was no difference at 180 days or for visits to the emergency service doctor at 30 and 180 days (see [Table III](#TB3){ref-type="table"}). The intervention and control groups had similar mortality at 30 and 180 days.

Per-protocol analysis showed the same conclusion as intention-to-treat analyses of no difference in readmission and mortality between groups. However, there was evidence that a lower proportion of patients who received a visit by the general practitioner were readmitted within 30 days compared with the control group (20.1% versus 23.4%) (not shown). These differences were not significant.

The intervention group had more referred nursing services in the month after discharge and one to six months after discharge (p \< 0.0001), but the mean number of referred minutes among those receiving nursing services was significantly lower (see [Table III](#TB3){ref-type="table"}). More patients in the intervention group were referred to home care one to six months after discharge, and there was a trend towards a lower mean number of referred minutes (p = 0.10).

Discussion {#S0012}
==========

This randomized real-world controlled trial comparing municipality-based post-discharge follow-up visits by a general practitioner and a municipal nurse versus usual care among high-risk older people discharged from a department of internal medicine had no benefits in term of the primary outcome of readmission within 30 days. No other secondary outcomes differed significantly except that more patients in the intervention group than the control group received municipal nursing services. This municipality-based follow-up intervention was only implemented in half the planned visits.

Comparison with previous literature {#S0013}
-----------------------------------

Several intervention studies have reported effects of hospital discharge planning \[[@C8]\] on hospital readmissions, primary care, prescription errors, and quality of life among older people and people with chronic disease. Community-based disease management programmes significantly reduced readmission among people with specific chronic diseases, whereas interventions had no effect on readmission among older people \[[@C17],[@C18]\]. Our results on readmission are consistent with these results, and another meta-analysis reported that regular home visits to frail older people do not influence hospital readmission \[[@C19]\].

Another study in Denmark by Rytter and colleagues reported that similar systematic post-discharge support and effort resulted in better coordination and coherence in treatment and reduced readmission \[[@C21]\]. The study was smaller and the proportion of home visits carried out was markedly higher (93%) than in our study. Furthermore they included only general practitioners who volunteered to participate in the study and these general practitioners led the intervention \[[@C21]\]. In contrast, in our study, we included all general practitioners in the three municipalities and the intervention was led by the municipality.

Strengths and limitations {#S0014}
-------------------------

Our study has several strengths, including: randomizing patients with a similar distribution of baseline covariates; blinding hospital doctors who screened patients for the trial by assessing screening criteria towards randomization status; collecting complete register-based follow-up information for all patients; and blinding researchers' analysis and interpretation of data towards randomization status. Few eligible patients refused to participate (18%). A further strength is the pragmatic design conducted in a real-world set-up.

The study had limitations. First, by its nature the intervention could not be blinded for the patients, the municipal nurses, or the general practitioners. Second, the proportion of patients (55%) who received the home visit in the intervention group limits the ability to study the effect of home visits. This also highlights that the implementation proportion may not be higher in a real-world set-up, e.g. compared with the study by Rytter and colleagues \[[@C21]\] and stresses the importance of implementation research. Third, the screening tool was not validated but based on previous studies of risk factors for readmission. Finally, the primary outcome was readmissions in general, which is an unspecific outcome. The same results were observed for unplanned readmissions and for readmissions at departments of internal medicine.

Meaning of the study {#S0015}
--------------------

Our study reflects everyday clinical practice by hospital personnel, general practitioners, or municipal nurses. For the intervention group, 55% of the patients received the home visit. The main reason for cancelling the visits was that the general practitioner did not think they were relevant (23% of the patients in the intervention group) because the patient may have seemed too healthy to benefit from the home visit \[[@C27]\]. Some general practitioners noted that visiting patients who could come to the medical practice by themselves was demotivating. The control group probably comprises many of the same patients, because the number of consultations was only slightly higher in the intervention group (see [Table III](#TB3){ref-type="table"}). This could reflect unintended crossover of the intervention group to the control group.

The screening tool for the trial may not be precise enough to make the home visit relevant in the primary care sector. Some patients younger than 65 years may have benefited from home visits because of complicated disease status or treatments. Further, patients may appear in a different state during admission than when they are back in their customary surroundings. The screening tool was not validated but was based on professional assessment (doctors and nurses from both primary and hospital sectors). About 23% of the patients were readmitted within 30 days and 52% within 180 days (see [Table III](#TB3){ref-type="table"}), which, however, supports that the screening did distinguish a patient group at high risk of readmission.

Several barriers to the implementation of the intervention should be highlighted \[[@C27],[@C28]\]: (i) the communication, e.g. transmission of information between and across the three sectors (hospital, municipality, and general practitioner) was suboptimal despite the great potential for such knowledge sharing; (ii) the assessment of the intervention differed between the involved professions, in particular the attitude of general practitioners greatly influenced the intervention; (iii) the practical organization of the visits, e.g. the demand for a joint visit by a municipal nurse and general practitioner; and (iv) the uncertainty as to whether the screening tool was sensitive and specific in identifying those patients at highest risk of readmission. Each of these barriers may have influenced the relatively low proportion of patients receiving the visits.

The only significant differences between the intervention and control groups were that more intervention patients received municipal nursing services but those receiving services received shorter visits (see [Table III](#TB3){ref-type="table"}). Thus, the intervention group may have received higher-quality municipal care, since more received appropriate services, reflecting a more relevant and tailored service level.

Implications for future research {#S0016}
--------------------------------

Hospital readmission is not the most important patient-related outcome of health care \[[@C17]\]. Even if a given intervention fails to reduce readmission rates, continuing implementation may still improve other patient outcomes, such as mortality, satisfaction with care, and cost-effectiveness \[[@C17]\]. Further, the assumption that readmission rates reflect patient well-being may be erroneous.

Implementation fidelity (the degree to which an intervention or programme is delivered as intended) is an important moderator between the intervention and the intended outcome. In some cases, the lack of implementation fidelity probably resulted from medical assessment and setting priorities \[[@C27]\], but knowledge is lacking on the mechanism that moderates the extent of implementation fidelity in complex cross-sectorial interventions.

This randomized pragmatic controlled trial comparing municipality-based post-discharge follow- up visits with usual care among high-risk older people reported no effect on the primary outcome of readmission within 30 days.
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